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Alr Shock Intensity at Grantsville, Utzk Resulting From Piring
on the Demolition Renge at Tooele Ordnaonce Depot

By
Melvin A. Cook, Iirector and W. S. Partridge, Assistant Director

University of Utah Explosives Research Group

During the summer of 1950, Dr., Gordon L. Bell made a geological study
of the region in and surrounding the Toocele Ordnance Depot and recorded
thas strength of both air and ground shocks in Grantsville and Toocele
resulting from demolition charges of various sizes fired on the demoli-
tion range. At Grantsville, six and one-half miles from the demolition
range, he detected nc ground shock but recorded air shocks of intensity
up to 84 decibels. The failure to observe ground shock at such large
distances from the demolition range is quite understandable. In fact,
seiszmic waves are not objectionable more than a half mile from shots of
the eize studied by Dr. Bell even when made entirely underground rather
than on the surface. Since the time of these studies, the residents of
Grantsville and Tooele have complained at various times that the air
disturbance from demolition shots have been objectionable, being much
stronger at certain times of the year than at others. Dr. Bell's recom-
mendations included restricting the use of the range to days when the
"ceiling® was greater than 5000 feet. Although this recommendation has
been followed, large variations in the strength of the shock waves
striking Grantsville are still observed even on consecutive cloudless

‘days when the weather conditions have appeared practically identical.

Since this problem is one of general interest and one that might eventu-
ally affect the University of Utah Explosives Group directly, since they
are also using the T.0.D. demolition range, it was decided that this
group should carry ocut a limited investigation of the air blast problem
surrounding T.0.D. It was evident that tests of this sort could be
conducted without appreciable cost to the University by making use of
equipment already available to them from their own projects and froa
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T.0.D. Moreover, it was necessary aryway for "Utah Project®™ investi-
gators using the demolition range for research purposes to leave the
demolition area when the demolition shots were being fired. Very little
additional inconvenience was incurred, therefore, to carry ocut measure-
aents of .ae air blast in Grantsvilie and the mounding region. While
the desired objiectives were reached by the work reported in this non-
technical memorandum, studies of air blast in this region will te con-
timued whenever conditions exist where it appears that beneficial results
will be obtained, since they do not entail appreciable time loss and
cost.

The objectives of this study were (1) to measure the strength of
the shock waves striking Grantsville, (2) to determine why seemingly
identical weather conditions gave varying shock intensities in areas .
near the depot, and (3) to recommend measures to be taken to reduce the
intensity of these disturbances.

Equi mmertt

Tooele Ordnance Depot owns a Western Electric sound level meter,
model 700A and an Esterline-Angus recorder, which was used by Dr. Bell
in the original investigation. This equipment was supplied to the pre-
sent investigatars but could rot be used to record sound intensity,
since the recorder had a ten millivolt movement and the meter in the
sound level meter had a fifty microvolt movement. This means that the
maximin output of the amplifier in the sound level meter would only
deflect the recorder one-fifth of its travel. But, more serious, it
would be impossible to determine what the readings on the recorder
represented in terms of decibel units. Therefore, the sound level meter
was used without a recorder. This was done by visually observing the
maximunm deflection of the decibel meter when the shock wave hit.

This sound level meter does not indicate the peak intensity of a
sound wave, btut rzther an average value. The simplest method available
to measure the peak intensity was to use an oscilloscope which in effect ‘
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plots the intensity of the wave against the time. This method was used,
enploying a Duront model WA oscilloscope and a calibrated microphone
to pick up the sound wave and feed it intc the scope. Figuress 1, 2, and
3 show the type traces obtained. The wevy line is, in effect, a photo=-
graph of the sound wave over a period of ar;roximately one seccnd. The
vertical deflection on the oscilloscore is determined by the voltage
generated by the <-nd wave, thut is, the more intense the sound wave,
the larger the voltage it will generate and the grcater will be the
deflection on the face of the oscilloscope when it is photographed.
The two dotted lines show the deflection from a wltage of ‘§:3§’§o1ts.
To find the peak intensity of the sound wave, one must measure the verti-
cal distance between the highest "peak™ and the lowest "valley" of the
. :;iieymd compare this distance with the calibration trace obtained by
Oe®28 ‘'volts. In this way, one can find the wvoltage rererated by the sound
wave after i+ strikes the microphona. Figure 4 gives the celd ora-
tion curve for this microphone from whicn ore czn find the intensity
corresponding to the voltage genercted by the shock wave.

All the irtensity levels reported here were taken with the sound
level meter, but on one test, the sound level metir and thie oscilloscope
were used to record simultaneosusly the intensity of the sound waves
striking near the Grantsvilie Seminary building. The results are shown

below:
Pit No. TAT Per Deflection Intensity Intensity
Charge (from scope) (sound level meter)
1 402 1bs. —— ——— 85 ddb
2 4L60 1bs. 0066 volts 90 db 83 ddb
3 460 1bs, .0134 volts 96 1b 90 db
4 460 1bs. .0134 volts 96 db 8 db
5 L50 1bs, o —_— 75 db
6 L60 1bs. .0378 volts 104 &b 9 db
7 460 1bs. .0267 volts 101 db 95 db

It appears from these results that the pesk intensity is approximately

! 5-10 db greater than the intensity indicated by the sound level meter.
Since a decitel is a logarithmic unit, this means that the shock wave
is 2-3 times as strong (energywise) as that recorded by the sound level
metar.




Temperature soundings of the atmosphere cbove the depot were teken

by Harold England from Dugway Proving Grounds by usirg meteorological
equipment on an airplane to t:ks temperatures at the indic-ted levels.

Results and Discussion

The effect of weather conditions on propagation of air shocks at
large distances from explcosions was studied extensively by Dr. Everett
F. Cox and a paver presented by him at the June 25, 1952, Salt Lake City
meetings of the Fluid Dynamics Division of the Anerican Physical Society.
He reported that verying wezther conditions alons brought about signal

ratios as large as 3200 to 1, recorded at a single microbarograph station

when identical charges were fired at the same location at different
times. oreover, he discribed some of the more important factors lead-
ing to these variations, including the influence of "temperature inver-
sion",

The blast waves from an exrlosion radiate in all directions. Por
a shot above ground, if the temperature of the air were constant and
there were no wind or clouds, the blust waves would travel away from

the source following spherical expansioi. Under ordinary conditions,

the lemperature of the atmosphere uecreases cppruximately three degrees
certigrade 13°C.) per thousand feet increase in altitude. This situa-
tion tends to bend btlast waves up away from the ground as they travel
outward from the point of origin. Unfortunately, this situation is not
always found, Sometimes the air is warmer one to two thousand feet
above the ground than it is on the surface, a situation which the
meterologists call "temperature inversion®”. Under these conditions,
a sound wave traveling outward from the source is bent back toward the
ground level, znd since it travels faster in warm than cold sir, there
exsts a possibility of reinforcing the waves propagating along the
surface and thus concentrating the 2ir blast intensities at virious
points along the surface.

Another factor of importance is wind direction and magnitude.
Blast wave irtensities tend to be enhanced in the direction of the
wind, and diminished in the opposite direction. This factor, however,
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was not studied in this work sirnce it is already moderately well known
and has been described elsewhere. It is also well known that overcast
conditions and heavy, low-lying clouds t =d to reflect air blast and
intensify it at the surface. It was clear that none of these factors,
however, were responsible for the difficulties encountered vith resi-
dents at Grantsville. As a matter of fact, on several occasions it was
observed that when the wind was blowing toward Grantsville from the
demolition renge, the shot intensity was less than when it wuas blowing
in the cpposite direction. The reason for this strange condition was
later found to be the fact that winds in the direction tcwa2rd Grantsville
would tend to blow the cold air mass back over the Great Salt Lake thus
removing the "terperature inversion", whereas winds in the opposite
direction would blow it into the valley. Thus the increasse in blast
intensity due to the "inversion" apparently then more than off-set the
decrease due to the wind direction. However, one must also know wind
directions at various levels above the surface to be sure that this is
the case; differential winds, for example, can also act in a manner
similar to “"tempercture inversion”.

During the spring and fall, "temperature inversions" are cuite
comncn in Salt Lake Valley. During periods when weather conditions are
such that there are very few winds, the cool air from the surrounding
acuntains "flows" into the valley and sometimes stays there for days.
This usually occurs in the fall, winter, and spring months since the
stronger heating of the earth's surface, which takes place in the sum-
mer, burns out any "inversion" that forms durirg the cooler sumner nights,
During the colder part of the year, a layer of smoky air is often very
promir=rt in the lower elevations above Salt Lake. When this condition
exists, a cold air mass fills the lower layers of the valley leaving
‘4arm air above it. Such a condition existed or. October 29, 1952, when
the shock intensity from demolition charges was objectionable. Figure 5
shows a plot of the temperature versus altitude above the demolition
range made in the morning and also the afternoon of that day. A defi-
nito "inversion" was found at both times at about 1400 feet elevation.
Pigure 6 gives the temperature cross section of the "inversion™ and
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shows that the top was fairly {lat 2nd did not follow the contours of
the terrain. On November 7, 1952, amother temperature sounding was
taken and the results are shown on Figure 7.
On some days there were strong winds (15-20 mph) from the south
during the morning followed b a slignht breeze (3-5 mph) from the nortkh
in the afternoon. The winds in the morning blew the cold air mass out
of that end of the valley, thus destroying the "temperature inversion",
and shots fired at the demolition range caused no trouble st Grantsville.
However, in the afterncon the breeze was caused by the cold air mass
flowing back in from over the lake and as soon as the "inversion™ had
reformed, the air shocks experienced in Grantsville were from three to
four tines as strong as in the morning.
Grantsville is located six anc one-half miles almost due rorth of
the demolition range. Sound propagated over flat terrain will decrease
in intensity at the rate of aprroxinctely seven decibels ever; time the ’
distance from the poimt of origin is doudbled. The solid line in Figure
8 shows this decay rate on a scale which shows the position of Grarte-
ville. It will be noted that on days when there was a"temperature in-
version", the intensities recorded were fairly c.uc. to the theoretical
curve, but on days when there was no "inversion", the intensities were
much less than the theoretical values., The normally much lover intan-
sities are due to the physical location of the demolition pits in a val-
ley which places a natural barricade between the explosion and the town
of Grantsville. Also, the cemolition range is about 600 feet higher
than Grantsville, which will increase the tendency of a shock wave to
pass over the town, except when it is reflected back down by a reflecting
layer in the atmosphere, i.e., a "temperature inversion", or a low "ceil-
ing".
The strongest shock wave observed in Grantsville had an intensity
of 97 decibels (sound level meter). This corresponds to a peesk pressure
of roughly one pound per square foot. Allowing a factor of five, the
the greatest pressure exerted by a shock wave on the external surfaces
of a building in Grantsville would be less than five pcunds per square
foot. A pressure of about thirty pounds per square foot or more, how
ever, is required to break ordinary glsass windows, a pressure of about : '
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100 pounds per square foot to do minor demace to average bulldings,

and 300 pcunds per square foot or more to do serious structural damage
to average buildirgs. Thus even windows should not te broken more than
four miles from shots the size of those made at T.0.0. unless they were

improperly installed. However, if window frames were poorly constructed,

®.8., if the glass were placed in the {rome so thut a light push from
the inside might dislodge it, pressures of abot five pounds per square
foot might push it out and, of course, probably break it on striking
the ground. This situation was reported by ..x. Moreover, objects
placed in a mechanically metsstable condition might be upset by such a
blast, e.g8., as they would be under the influence of a gust of wind.

The location of the firing pits in the demolition range with re-
spect to the surrounding hills seems to have a roticeable effect on the
shock strength at Grantsville. The following table shows the average
intensities recorded in Grantsville for each firing pit. These values
have been corrected to egual loads in terms of TNT equivalents.

Pit No. Average Intensity, db

(sound level meter)

76

80

82

79

%0

%0
It will be noted that shots fired {rom pits six and seven caused the
greatest distu-bance. This was because these two pits are located in
the center of the valley and do not, therefore, take proper advantage
of the natural barracading. Pits two and five, on the other hand are
located closer to the edge of the valley so that the hill mckes a better
barricade bsiween thea and Grantsville.

It had been the practice to fire the demolition charges at five
minute intervals to avold any possibility of interaction of the primary
shock wave with any reflected shocks. [uring the time that these tests
were being conducted, no reflected shocks were observed. The only blast
wave that struck Grantsville or the main gate of the Ordnance Depot
came at 30 to 32 seconds after the shot was fired. With this in mind,
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it would probably be advisatle ta fire the charges at mich shartaer inter-
vals, perhaps in the neighvorhood of one mirute.

It might be well to point out that on diys when there is a "tempera-
ture inversion" in Toocele valley, the blast waves that strike Grantsville
sound quite loud. It should, however, be emphasized thit in spite of
their loudncss, no damage to a well-constructed building should result
from blast waves of the irtensity of those observed during this investi-
gation. Though they sound loud, the ear does not actually measure pressure
very accurately, The sound level from the strongest blasts measured at
Grantsville was only 12 db. grec.ter than wes measured at the side of
the Seminary building due to heavy trucks passing along the highwuy.
(Maximun sound level 85 db. two trucks passing in front of Seminary)
Heavy trucks, moreover. are m.re likely to cause damage to buildings
by means of ground vibtration thzn 1000 1bs. of explosives 6-1/2 miles
distance. As a matter of fact, Grantsville is periodically experimenting
gusts of wind and earth trewrs that are potentially much more destruct-
ive than the blasts {rom the cemolition range.

In order to obtzin an idea of what is to be expected from blasts of
the size of the largest ones being detonated on the demolition range at
T.0.D., Figure 9 rresents a graph constructed from scaling laws and
experience in the erxrlosives industry based on accidental explosivas
and wartime damage. This graph was computed from data Swmmarized
by C. 3. Robinson ("Explosives, Their Anatomy and Destruction", McGraw
Hill Company (1944)), using the ™law of similituces" for sc2ling. Ac-
cording to dcta shown in Fisure 9, the only possibility for domage from
shots fired on the demolition range would be of the type mentioned above,
nemely glass breakage in improperly constructed windows, or dislodging
of objects mounted or situated in very unstable conditions. It should
be roted also thst the average 1limits shown in Figure 9 are based on
no barricading. For artificizl or natural barricades, such as is af-
forded by the tarrain of the demolition range,destructive distances are
substantially reduced. Incidentially, the law of similitudes is equiva-
lent to the "cube root law" which states that blast intensities vary as
the one-third power, or cube root of the {equivalent) weight of explo-
sive used,




Conclusjons ard Recommendations
7 1. During the summer months, and at other times when no "tempera-

ture inversion™ is present over the Ordnance Depot, the shots fired on
the demolition range ordinarily will not czuse trouble in Gruntsville

; unless other conditions extst to enhance the blast wave in the direction

. : of Grartsville, e.g., high winds, overcast conditions. However, when
there is a "temperature inversion" in the area (freguently readily ob-
servable visually from the ground as a result of the smoke from the
smelters), some of the shock waves which ordinarily would be deflected

i up into the air are instead deflected back down to the ground and often
converge with the direct waves at Grantsville. A layer of unbroken
clouds usually causes trouble in th. same way. Shots should not be fired
when these conditions for refraction and reflection of blast waves exist
such as tb cause high blast intensity at Grintsville or Tooele. This

can be determined sometimes (on clear days) visually by observing the
‘ smoke conditions above the "International" Smelter across the valley

or from around the point of the mountain. It may be advisable, however,
to set up a commnication system between the demolition range and some--
ona at Grantsville so that firing can be terminated immediately whenever
conditions are "bad" for firing. The most accurate system, but perhaps
too costly, would be to make periodic temperature "soundings" of the
atmosphere over the demolition range and conduct the demolition program
in accordance with these findings.

2. The strongest shock observed in Grantsville during this investi-
gation developed a pressure of approximately one pound per square foot,
which is much too low to do damage to even a poorly constructed btuilding.
However, blast waves cf this order or magnitude have been known to pull
poorly held window panes from their frames, resulting, of course, in
their being broken when they hit the ground.

L 3. When equal size shots are fired in all firing pits in the demo-
; lition range, those fired in pits No. 6 and No. 7 give the strongest
shocks in Grantsville. Since these two pits are located in the upper
end of the valley, the hills are not being used to their fullest ad-
vantage as barricades tetween the rits and the town. It is therefore
advisable to relocate some (f the firing pits, so as to take full ad-
vantage of these hills 2s natural barricades. This recommendation
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wss made verbally to T.0.0. :uthorities scme %ime 232,

4. All observable components of the blast wave reach Grantsville
30-32 seconds alter the shot was fired. Therefore, it is recommended,
that the demolition shots be fired at intervals of approximately one
mimite.

5. Apparently the only annoyance factor to residents in the vici-
nity of the demolition range, associated with shots of 1000 lbs. (TNT
equivalent) or less is the psycological factor. Since this is a real
factor, especially to those people who do not understand the nature of
air blast from detonating explosives, it is recommended that every pos-
sible elfort be made (a) to educate the residents in this ares in re-
gard to blast wavesand their destructive potential and the natuv-e of
the work being conducted at the demolition runge, and (b) tc minimize
in every way possible the noise and blast intensity from these blasts
by following as closely as possible the above recommendations and those
given in the work of Dr. Bell, Dr. Cox and others who have studied this
problem.
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Figura 5: '"Temperature Inversion¥, October 29, 1952
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Figure 7: Slight "Teamperaturc Inversion"”
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Figure 8: OSound Intensity vs. Distance { .m Demolition Range
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